We have developed a high performance fluorescent host material, 6-anthracene-9-yl-2,3-di-p-tolyl benzo͓b͔thiophene ͑ATB͒, for blue organic light-emitting diodes. ATB formed a stable amorphous solid state film with a high glass transition temperature ͑T g = 116°C͒. The multilayer devices fabricated using ATB as a blue host material showed higher power efficiency ͑6.4 lm/ W at 1000 cd/ m 2 ͒ than the conventional device using 2-tert-butyl-9,10-di͑2-naphthyl͒anthracene ͑TBADN͒ ͑4.3 lm/ W at 1000 cd/ m 2 ͒. The half lifetime of the ATB device ͑6480 h at 1000 cd/ m 2 ͒ was also enhanced compared to the TBADN device ͑5341 h at 1000 cd/ m 2 ͒. 
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Since the efficient small molecule organic light-emitting diode ͑OLED͒ was reported by Tang and VanSlyke in 1987, 1 enormous interests have been shown in developing the emitting materials to realize high-resolution full-color flat panel displays with long lifetime. However, the performances of blue emitting materials are still not sufficient for their applications. There are few reports of OLEDs with deep blue color, high efficiency, and long operational lifetime.
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Therefore, the development of the efficient and stable blue emitting materials are critical to the commercialization of full color OLED panel displays. One of the earliest reported blue emitting materials as the host material for OLED is a distyrylarylene ͑DSA͒ derivatives reported by Tokailin et al. in 1993. 6 Hosokawa et al. reported blue host materials as 1,4-bis͑2,2-diphenylvinyl͒biphenyl with 4,4Ј-͑bis͑9-ethyl-3-carbazovinylene͒-1,1Ј-biphenyl as the dopant. 7 Another blue OLED was reported by Shi and Tang, 8 in which 9,10-di͑2-naphthyl͒anthracene ͑ADN͒ and 2,5,8,11-tetra-t-butylperylene were used as the host and dopant material, respectively. However, the ADN tends to crystallize under a prolonged electrical stress or by baking at the elevated temperature, which resulted in a decrease in the device half lifetime. 3 Recently, t-butyl group was introduced at the 2 position of anthracene of ADN, to 2-tert-butyl-9,10-di͑2-naphthyl͒anthracene ͑TBADN͒, in order to achieve amorphous solid-state film. The nonplanner molecular structure of TBADN can prevent the unfavorable packing of the emitting material with the hole transporting material at the interface. 9 Another blue host, 2-methyl-9,10-di-͑2-naphthyl͒anthracene͒ ͑MADN͒ incorporating methyl group at the 2 position of ADN, was introduced with pdi͑p-N , N-diphenyl-amino-styryl͒benzene ͑DSA-Ph͒ as a dopant. 3 However, the emitting color of the device was shifted to sky blue. The above literatures report materials having symmetric anthracene-cored structures. Although fluorene-cored deep blue dopant structures and a triphenylamine-cored fluorene host structure for blue dopants were recently developed to have high luminous efficiency, the device operating stability was not studied yet. 10, 11 In this study, we report a blue host material with asymmetric core structure, 6-anthracene-9-yl-2,3-di-p-tolylbenzo͓b͔thiophene ͑ATB͒, which exhibits excellent photochemical and thermal stabilities. Electroluminescent device using ATB as the host material and 4,4-di-2-4-N , N-diphenylamino phenyl vinyl biphenyl ͑DPAVBi͒ as a dopant material showed the maximum electroluminescent efficiency of 8.6 cd/ A ͑7.4 cd/ A at 1000 cd/ m 2 ͒ and 10.4 lm/ W at 2.6 V ͑6.4 lm/ W at 1000 cd/ m 2 ͒, Commission Internationale d'Eclairage ͑CIE͒ coordinate of ͑0.15, 0.27͒, and a half lifetime of 6480 h at the initial luminance of 1000 cd/ m 2 . ATB, 2,3-di-p-tolylbenzothiophene derivatives having anthracene at 6 position of the benzothiophene ring, was synthesized by Suzuki reaction of the monobromo derivative of benzothiophene with a boronic acid derivative of 9-anthracene. ATB was purified by the recrystallization and sublimation. The structure was confirmed by mass spectrometry, elemental analysis, and 1 H nuclear magnetic resonance. The molecular structures of ATB, TBADN, and DPAVBi were shown in Fig. 1 .
The melting ͑T m ͒, glass transition ͑T g ͒, and thermal decomposition temperatures ͑T d ͒ were 116, 212, and 394°C, respectively, indicating the requisite stable thermal properties of ATB as an OLED material. The homogeneous film states of both ATB and TBADN were observed at room temperaa͒ Author to whom correspondence should be addressed. Electronic mail: tynoh@samsung.com. ture by atomic force microscope, and the root-mean-square roughness values were 0.46 and 0.58 nm, respectively, implying good thin film uniformity required for OLEDs.
The devices were fabricated on the precleaned and UV / O 3 treated indium tin oxide ͑ITO͒-coated glass substrates. To evaluate the OLED performance, two types of devices were fabricated, in which ATB and TBADN were used as the host materials and DPAVBi was used as a common dopant material for each host. The emissive layer consisted of host:DPAVBi was codeposited with the concentration of 5% DPAVBi. In device I, ATB was used as a host material, and in device II, TBADN was used. 4,4-bis͑1-naphthyl-N-phenylamino͒biphenyl ͑NPB͒ and tris͑8-hydroxyquinoline͒aluminum ͑Alq 3 ͒ were used as hole transport and electron transport materials, respectively. The structure of test devices are ITO ͑110 nm͒ / NPB ͑30 nm͒ / ATB or TBADN:DPAVBi ͑20 nm͒ / Alq 3 :Cs 2 CO 3 ͑1:1͒ ͑30 nm͒ / Al ͑1000 nm͒. The Al cathode was thermally evaporated on the Alq 3 :Cs 2 CO 3 layer without breaking vacuum. Finally, the devices were encapsulated to prevent the diffusion of oxygen and moisture by using a photocurable epoxy resin.
Schematic device structures of devices I and II with the energy diagrams were shown in Fig. 1 . The emitting layers of devices I and II consisted of 5% of DPAVBi in ATB and TBADN, respectively. Due to the proper alignment of the energy levels, as depicted in Fig. 1 , the ATB device exhibited good device performances as in Table I .
The electroluminescence ͑EL͒ and photoluminescence ͑PL͒ spectra of devices I and II are shown in Fig. 2 . The PL spectrum of ATB exhibits a peak at 445 nm in the neat film with the excitation at 395 nm. The EL spectra of devices I and II showed typical emission peaks of DPAVBi at 470 and 502 nm ͑shoulder peak͒ with a full width at half maximum of 67 nm. Judging from the PL and EL spectra in Fig. 2 , the complete Förster energy transfer from the hosts ͑ATB and TBADN͒ to the dopant ͑DPAVBi͒ took places. In Fig. 2 , there was no particular difference between the EL spectra obtained from devices I and II except for the intensity of shoulder peak around 502 nm. This difference resulted in better color purity with deeper blue color of the ATB device than that of the TBADN device. This behavior could originate from the conformational change of the dopant material ͑DPAVBi͒ in the excited state in both hosts.
The device performances are listed in Table I . The onset bias voltages of both devices I and II were same ͑2.6 V͒, whereas the operating voltage of device I at 1000 cd/ m 2 was relatively lower ͑3.6 V͒ than that of device II ͑5.2 V͒. This is the reason why the power efficiency of device I ͑6.4 lm/ W͒ was fairly higher than the power efficiency of device II ͑4.7 lm/ W͒. We are currently investigating the cause of higher power efficiency of device I. From the high current densities in the ATB device structure, as shown in Fig. 3 , we may assume that the resulting high efficiency originated from the facile charge transport in the ATB film.
The CIE coordinates of devices I and II were ͑0.14, 0.26͒ and ͑0.16, 0.29͒, respectively. The much intense shoulder peak at 502 nm in device II leads to the redshift of the color coordinates. These results imply that the color coordinates of the OLED could be affected by the molecular structure of the host materials. Devices I and II showed half lifetime of 1702 and 1407 h with the initial brightness of 2397 and 2302 cd/ m 2 , respectively. The lifetimes could be converted to 6480 and 5341 h at 1000 cd/ m 2 with the accelera- tion factor of 1.6. 12 This result demonstrates that the device lifetime could be enhanced by the better molecular structure of the host material for the same device structure. It can be assumed that the molecular structure affects the morphological stability of the film state and thus makes an impact on the device lifetime. From this result, ATB seems to have the desirable requisites for OLED material of a robust molecular structure with high thermal and morphological stabilities. On the other hand, when our device is compared with the device using a MADN host with a different dopant ͑DSA-Ph͒ ͑Ref. 3͒ as listed in Table I , even if our device showed more bluish color coordinate, the device lifetime showed a slightly shorter lifetime. Figure 3 shows the current-voltage ͑I-V͒ and voltageluminance ͑V-L͒ characteristics of the devices. Device I shows higher current density and luminance than those of device II at the same driving voltage. Figure 4 shows power efficiencies depending on the luminance of devices. The power efficiency of device I was higher than that of device II over a full range of the luminance. The lower operating voltage of device I compared to device II at the same luminance resulted in a higher power efficiency.
In summary, we have developed a host material ATB for the blue fluorescent OLEDs. The compound shows high thermal stability and superior device performance compared to TBADN. The device using ATB as a blue host material furnished maximum current efficiency of 8.6 cd/ A ͑7.4 cd/ A at 1000 cd/ m 2 ͒, maximum power efficiency of 10.4 lm/ W at 2.6 V ͑6.4 lm/ W at 1000 cd/ m 2 ͒, and CIE of ͑0.14, 0.26͒ at luminance of 1000 cd/ m 2 with operating voltage of 3.6 V. The half lifetime of ATB based device is 6480 h at 1000 cd/ m 2 , whereas that of TBADN system is 5341 h at 1000 cd/ m 2 . These results indicate that the proper molecular structure of host material can give deeper blue color coordinate with increased efficiency and better operational lifetime. Since the power consumption is an important issue for practical OLED panel devices, the ATB, developed in our laboratory, can be one of the strong candidates for blue emitting host of OLEDs operating at low voltages and prolonged lifetime. 
